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Pre\+ous reports and publications have 
presented evidence of the extraordinary 
versatility of the Spm (Suppressor-muta- 
tor 1 system in regulating gene action dur- 
ing development of the maize plant. The 
most revealing information comes from 
studies of those genes whose function is 
required for production of anthocyanin 
pigment, because this pigment can be 
produced in most parts of the plant and 
also because it is not required for cell 
viability. The pigment appears in many 

st,rains of maize, and in any one plant, its 
distribution to the various parts is genet- 
ically controlled. The controls regulate 
whether or not pigment will be produced 
in any particular tissue, its intensity if 
produced, and the patterns of distribution 
within a tissue should the pigment not 
be uniformly distributed. Genetic con- 
trol of distribution and intensity was 
recognized in early studies with maize, 
conducted before those that revealed the 
presence of regulatory components asso- 



6 CARNEGIE INSTITUTION 

ciated with structural genes. Alleles of fore, must reflect to a large extent differ- 
individual loci were identified, each of ences in regulation of their genomes. 
which can specify distinctive patterns of This view leads to the conclusion that 
pigment distribution and intensity, and most genomes are potentially capable of 
these alleles were isolated in maize de- constructing many distinctively differ- 
rived from various sources. Phenotypic ent forms, and in some organisms they 
expressions attributable to the yet un- do just, that. Witness the caterpillar and 
known control systems associated with the moth: t.hey share the same genome. 
these alleles resemble those resulting Polymorphism associated with mimicry 
from some “states” of a locus under the within a species also reflects such shar- 
control of a known regulatory system. In ing. Certainly some examples of mimicry 
other words, alleles isolated from natural in plants and animals illustrate the ex- 
populations and those selectively isolated traordinary range of genome versatility. 
during investigations of known control Indeed, the very fact that one genome 
systems may express similar properties. within a eukaryotic individual can give 

Studies in recent. years by many in- rise to so many different organs, and also 
vestigators have emphasized the com- to so many distinctive types of cells, is 
plexities of operation of regulatory sys- implicit evidence of the potential range 
terns that function during development of expression of a single genome. 
of eukaryotic organisms. Some of these The operation of just one regulatory 
systems may regulate gene action in system in maize can provide a wide range 
much the same manner as the Spm sys- of control of gene expression. The action 
tern. That system is able to control the of only two heritable units, or elements, 
action of a number of different genes, is required to accomplish these diverse 
either in similar or in different, ways and expressions. This fact suggests that the 
at similar or different stages of develop- basic mechanisms responsible for such 
ment. Its versatility is impressive and control may not be complicated in them- 
instructive. Such systems may function selves. In many instances a single event 
not only to direct differentiation within occurring to an element alters the time, 
individuals of a species but also to pro- the type, and the pattern of gene action. 
vide some of the genetic diversity respon- Yet the effect of some of these events is 
sible for the origin of new forms. In this reversed at particular stages in develop- 
event, new origins should be related more ment, or the element may undergo a 
closely to the operation of regulatory sequence of subsequent events, each of 
systems than to alterations in the com- which conditions gene action in a specific 
position of the structural genes them- manner. 
selves. The system could redirect the It is reasonable to suppose that con- 
time during development when particular trol systems resembling those explored 
genes will act, the cells of a tissue within in maize also operate in other eukaryotic 
which they can act, the quantity of their organisms. With this in mind, the present 
products m any one cell, and the corn- report will review and illustrate one 
ponents with which the products may be aspect, of the operation of a system in 
associated. maize. It is based on an extended series 

It is now well recognized that the of studies, recently completed, of changes 
genomes of most organisms have many of in the action of one component of a con- 
the same basic operational tools: the trol system; and it will consider the re- 
same kinds of enzymes, the same cellular sponses given to these changes by only 
structures with the same functions, and one “state” of a gene locus. This is the 
the same overall gene products required class II state of nZrn-l, initially reported 
to build and maintain these structures. in Year Book 57 and Year Book 58. It is 
The differences between organisms, there- a very useful state for examination of 
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types of activity, and changes in activity, UX’~-~ can respond to it by undergoing 
relating to the suppressor or inhibitor a somatically occurring, heritable modi- 
component of Spm (component-l, dis- fication that releases inhibition of gene 
cussed in Year Book 64). When this action. The gene is then potentially ac- 
component is active, gene expression at 
the aZm-’ locus (A?, anthocyanin) is in- 
hibited; when it is inactive, gene expres- 
sion is intense, resembling that induced 
in plant and kernel by the standard AB 
locus. It is important to emphasize that 
this state of azm-l does not respond to the 
“mutator” component of Spm (compo- 
nent-2) as do so many other states. No 
heritable alterations have been noted 
that would modify its subsequent expres- 
sion either in the presence or in the ab- 
sence of an active Spm element. Con- 
sequently, within a plant or kernel, the 
distinctive patterns of pigmentation, and 
the modifications of pattern that may be 
clonally exhibited, reflect the action of 
the Spm element and the changes in ac- 
tion that it undergoes. The responses of 
the class II state of a~‘~-~ are direct and 
uncomplicated, yet they are capable of 
providing many different phenotypes. We 
shall consider these phenotypes and the 
changes in Spm action that are responsi- 
ble for their appearance. 

To orient the discussion, we may ab- 
serve the phenotypes of kernels on the 
segment of ear shown in Fig. 2A. The 
ear was produced by a plant that was 
homozygous for the standard recessive 
allele of AZ in chromosome 5, designated 
nZ. Plants and kernels homozygous for 
a2 do not produce anthocyanin pigment, 
and this allele does not respond to Spm; 
no known change occurs at the a? locus 
in the presence of an active Spm element. 
In addition, the plant was homozygous 
for ZM?-~ in chromosome 9, an allele of 
the 1Vz locus. (TYx, amylose starch in cells 
of the gametophyte and the endosperm; 
IX, waxy, standard recessive, no amy- 
lose starch produced in these tissues.) 
The action of ZL’J?-~ is under the control 
of the Spm system. When an Spm ele- 
ment with active component-l and com- 
ponent-2 is present in plant or kernel, 
the controlling element at the locus of 

tive in descendants of cells in which 
such an event occurs, but can be ex- 
pressed only in the cells of the gameto-’ 
phyte and in those of the endosperm. 
When such events occur during develop- 
ment of the endosperm, the clones of 
descendent cells are readily recognized- 
sometimes visually, if the clones are 
large, because of altered light reflection, 
or quite accurately by means of the blue 
coloration shown by the amylose starch 
upon exposure to an I-K1 solution. 

The ear-producing plant had no active 
Spm, and thus no changes occurred at 
the locus of ZL’X”-~ during the period when 
the ear was being formed. The kernels 
on this ear, however, were produced after 
the silks received pollen from a plant 
having the constitution a2tn-1/a2; wx/wx 
and also one Spm not linked with either 
a.,“-’ or a?. When initially introduced 
into the primary endosperm nucleus, both 
components of Spm must in most in- 
stances have been in an active phase. 
This was revealed by the ratio of kernel 
types on the ear and by the responses of 
WX”~-~ and ay’“-l to Spm during subse- 
quent endosperm development. 

Half of the kernels on the ear, shown 
partially in Fig. 2,4, should have received 
the a2 allele from the pollen parent and 
therefore should be homozygous for this 
allele. Their aleurone layer should be 
colorless. Half of these, in turn, could 
have received (and did in fact receive) 
the active Spm from the pollen parent. 
Such kernels are recognized by the pres- 
ence of clones of cells containing amylose 
starch, initiated by responses of wxme8 
to component-2 of the introduced Spm 
element. The other half of the kernels on 
the ear should have received aZrnml from 
the pollen parent. Those lacking an ac- 
tive Spm should have the aleurone layer 
uniformly and deeply pigmented. Those 
that received active Spm should have 
pigment production suppressed in this 
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layer except when changes in Spm activ- 
ity, occurring in some cells during endo- 
sperm development, allowed pigment to 
be produced. Clones derived from such 
cells, terminating in the aleurone layer, 
are easily recognized as pigmented spots. 

In the ear section shown in the photo- 
graph, each kernel in five adjacent rows 
may readily be placed in one of three 
classes according to pigment expression. 
Twenty-nine kernels are totally colorless, 
fourteen are uniformly and deeply pig- 
mented, and fourteen have many specks 
and some spots of deep pigment in a 
colorless background. The kernels in the 
latter two classes received c@-~ from the 
pollen parent, and the spotted kernels are 
the ones that received both azm-l and an 
active Spn~. These constitutions are veri- 
fied by the fact that none of the totally 
pigmented kernels has any Wx clones, 
whereas all the spotted kernels have such 
clones. The observed ratio of kernel 
phenotypes is that expected from the 
known constitutions of the two parents. 
All the other kernels on the ear-with the 
exception of several that commenced de- 
velopment with an inactive Spm and 
whose phenotype will be considered later 
-have phenotypes similar to those 
shown in the photograph, and the ratio 
also is the same. 

ing relatively few, widely spaced specks 
of pigment. In many of the kernels, 
these two contrasting areas are located 
adjacent to each other. It is probable 
that many of them arose from an early- 
occurring transposition of Spm that re- 
sulted in its loss from one cell and inclu- 
sion in the sister cell. -4 large, fully pig- 
mented area in the aleurone layer would 
be formed by descendants of the cell that 
had lost Spm, and in the underlying 
starch-bearing cells no subclones having 
modified action of wxmmS should be found. 
Cells of the adjacent area would have 
descended from the one that received the 
transposed Spn~ and thus contained an 
extra Spm element. It will be shown in 
the following section that areas of the 
aleurone layer derived from such cells 
are expected to have the observed pig- 
mentation patterns. It should be stressed, 
however, that events other than trans- 
position of Spm are known to give rise to 
uniform deep pigmentation, or a lightly 
speckled pattern of pigmentation, in the 
aleurone layer. These will be considered 
later. 

Relation of Dose of Spm to Pattern of 
Pignzentation with the Class II 

State of azm-l 

Fig. 2. .A. Kernels in a segment of an ear of a plant (8720-8) that was homozygous for a2 and 
for w.r”‘-“and had no detectable Spm, produced when silks of this ear received pollen from a plant 
(8734D-3) having the constitution ax”‘-’ (class II state)/n?; ZCXI~CX, and one Spm with active com- 
lionents-1 and -2. The totally colorless kernels are homozygoua for the a1 allele. The kernels with 
pigment in the aleurone layer received usm-’ from the pollen parent. Those with spots and specks 
of pigment in a colorless background also received an active Spm element from this parent. B. 
.\I1 the pigmented kernels that appeared on a self-pollinated ear of a plant (87353-5) having the 
r,onstitution alnte’ (class II state) /a~; + B’rlactive-Spm WC. Kernels in the upper right quadrant 
are wx in phenotype; those in the remaining three quadrants are Wr. The fully pigmented ker- 
nels have no active Spm. The heavily spotted kernels eshibit the “1 Spm” pattern, whereas those 
with some small spots or only a few specks of pigment hare a “2 Spm” or “3 Spm” pattern. 

It may be noted that the kernels re- . . 
ceivmg azA-l and an active Spm have 
similar patterns of pigment distribution 
in the aleurone layer. Patterns of this 
type are distinguished first by closely 
spaced, small spots in a colorless back- 
ground, and second by the presence in 
most kernels of large pigmented areas 
and of other well-defined areas contain- 

In plants and kernels having the class 
II state of azrn-’ and an identifiable Spm 
element or elements, various distinctive 
patterns of pigment distribution appear. 
Because pigment will be produced in a 
cell only when there is no activity of 
component-l of Spm, these patterns must 
reflect events that control the expression 
of that component in different cells dur- 
ing development of plant or kernel. Two 
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main types of event are known to accom- of a plant having the constitution a2m-1/ 
plish this. One is transposition of an a2 ; + Wx/active-Spna wx. Only one 
active Spm, as outlined in the previous identifiable Spm element was present in 
section. This event is controlled by com- the plant, and it was closely linked with 
ponent-2 of Spm, but will not occur unless the wx allele. In addition to the 245 
component-l also is active. Component-2 kernels shown in the photograph, there 
is the iinlutator” component of the Spm were 106 totally colorless kernels, of 
system, inducing heritable modifications which 85 were Wx and 21 wx. In the 
of the elements of the system that are photograph, the kernels are arranged first 
incorporated at various gene loci, as well with regard to the Wx and wx pheno- 
as transposition of these elements and t’ypes, and then according to pigment 
also transposition of the regulator ele- expression in the aleurone layer within 
ment Spm itself. As stated earlier, the each of the two classes. All 64 kernels in 
class II state of asm-l is unique in that it the quadrant at upper right have the wx 
does not respond to component-2. This phenotype. The kernels in the other three 
component undergoes quite specific types quadrants are Wx, and 64 of them are 
of modification, recognized by changes in uniformly pigmented (upper left). The 
the time or frequency of occurrence of remaining 117 Wx kernels have pig- 
transpositions. Some of the patterns pro- mented spots in a colorless background, 
duced by a,““ reflect such changes. but the patterns obviously are not all 

The second kind of event occurring alike. The kernels in the lower right 
to the Spm element and affecting patterns quadrant have many spots of pigment, 
of pigmentation involves change in phase some of them large. Most of the kernels 
of activity of its component-l, from ac- in the group at lower left have smaller 
tive to inactive and back to active, with- spots, and a few have only several very 
out an associated change in location. The small specks of pigment. 
time and frequency of occurrence of the The assumed ratio of Spm constitu- 
phase changes reside, to a large extent, tions initially present in t.he endosperm 
in the Spm element itself, and their con- of the kernels in the photograph would 
trol appears to be reset with each change. be 1 with no Spm : 1 with one Spm : 1 
Thus, the pigmentation patterns observed with two Spm : 1 with three Spm. This 
in plants and kernels having the class II ratio relates to the three sets of chromo- 
state of aznel relate basically to condi- somes introduced into the primary endo- 
tions that regulate the occurrence of sperm nucleus, two sets from the female 
these two distinctly different types of gametophyte and one set from the male 
events involving Spm-its transposition, gametophyte (pollen grain). The anti- 
and change in phase of activity of its cipated ratio with regard to the WX 

component-l. If more than one Spm ele- alleles is 1 Wx /Wx/Wx: 1 Wx/Wx/wx: 
ment is present, the patterns reflect the 1 Wx,/wx/wx : 1 wx/wx/wx. The rela- 
events affecting each. Therefore the tively close linkage of Spm with the WT 
number of Spm elements initially intro- allele in the parent plant should distrib- 
duced into a plant or into the endosperm ute the Spm element in close accordance 
of a kernel, and the changes in number with this ratio. The kernels on the ear 
that may subsequently occur, are effec- should reveal this relationship, provided 
tive means of modulating pigmentation that no early-occurring transpositions or 
patterns, as is illustrated by the pheno- inactivations of Spm occurred in the plant 
types of the kernels shown in Fig. 2B. to effectively alter expected gametic ra- 

These kernels have either uniform pig- tios with respect to Spm constitution or 
mentation or pigmented spots (many or activity. Such events did not occur to any 
few) in a colorless background. They distorting extent, as the ratio of kernel 
were produced on the self-pollinated ear phenotypes indicates. Of the 66 kernels 
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that are uniformly pigmented (no evidence 
of Spm), 64 are TVx and 2 are wx (the two 
kernels at the right in the u’x quadrant). 
The 60 kernels in the lower right quad- 
rant have a “1 Spm” pattern of pigmen- 
tation. Most of those in the lower left 
quadrant have a “2 Spm” pattern. The 
several kernels with only a few tiny pig- 
mented specks exhibit a “3 Spm” pattern. 
The majority of kernels in the wx quad- 
rant (upper right) exhibit this “3 SPVB” 
pattern. Sine kernels, however, placed 
in the upper part of the quadrant, have a 
typical “1 Spm” pattern, and seven 
others adjacent to them show the “2 
Spm” pattern. 

This classification for Spm constitu- 
tions was confirmed by several kinds of 
test. In one test, pollen of the plant was 
used not only for self-pollination but 
also in a cross similar to that which pro- 
duced the kernels shown in Fig. 2A. Only 
one Sp,n is expected to be present in most 
of the pollen grains that carry it. There- 
fore most of the spotted kernels should 
exhibit the “1 Spm” pattern, and in tests 
of a number of plants this expectation 
was fulfilled. Another test utilized a 
second ear of the plant. Its silks received 
pollen from a plant that was homoaygous 
for the class II state of aqm-l and also 
for zcx but did not have an identifiable 
.Cp,n element. From such a cross, all or 
nearly all kernels that received an active 
Sp~a should show the “2 Spm” pattern, 
and linkage of this Spm with the wx 
phenotype should be sharply expressed. 
-Again. the expected relationships were 
observed. (Occasionally on such ears, 
one or several kernels appear that exhibit 
the “1 Spm” pattern or a high-dose Spm 
pattern. ?Ilost of these aberrant pheno- 
types are related to transpositions of 
.Spm that occur either during develop- 
ment of the female gametophyte, allow- 
ing entrance of only one Spm into the 
primary endosperm nucleus, or at an 
earlier stage, providing the female game- 
tophyte with extra Spm elements.) A 
third and extensive series of tests was con- 
ducted with plants derived from kernels ~~~. v . 

exhibit,ing different phenotypes, taken 
from ears produced by each of the de- 
scribed crosses. Again, each plant was 
examined for Spm number, location, and 
activity. From the results of these multi- 
ple tests it was possible to interpret the 
origins of the different pigmentation pat- 
terns, and to know when to relate some 
of them to dose of Spm. 

A second illustration of the relation of 
pattern to dose of Spm is given by the 
kernels on the segment of ear shown in 
Fig. 3A. This was a self-pollinated ear 
of a plant having the constitution aP/ 
aJn-l. + Wx/active-Spm wx. Pigment 
was iroduced in two distinctly different 
layers of the kernels, the aleurone layer 
of the endosperm and the overlying peri- 
carp layer. The pericarp layer is derived 
from cells of the ovary and thus has the 
same genotype as other tissues in the 
plant. It is a maternal layer. In order 
that pigment may be formed in various 
parts of a plant, genes associated with 
anthocyanin production other than that 
at the azmml locus must be capable of 
functioning in these parts. In some stud- 
ies it was necessary to incorporate effec- 
tive alleles of such genes into the genome 
of a plant in order to examine pigment 
production in its various parts that could 
be attributed solely to activity of the 
gene at the apm-l locus. The plant pro- 
ducing the ear shown in Fig. 3A was so 
constituted. 

The streaked pigmentation patterns in 
the pericarp layer are best seen in t’he 
waxy kernels having a nearly colorless 
aleurone layer, although similar patterns 
are present in all the other kernels as 
well. The streaks run from the base of 
the kernel toward the crown, narrowing 
in width as the crown is approached, and 
are relatively uniform in size and distri- 
bution. The pigmented spots in the 
aleurone layer of the highly light- 
reflective Wz kernels having a “1 Spm” 
pattern also appear to be relatively uni- 
form in size and distribution. There are 
no large spots in any of these kernels. 
The events affecting Snm that were re- 
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sponsible for these patterns occurred in 
both plant and endosperm tissues at a 
relatively late developmental stage. This 
late timing is also reflected in the wx 
class of kernels. Most of them com- 
menced development with three Spm ele- 
ments in the primary endosperm nucleus, 
and most of them have only a few specks 
of pigment in the aleurone layer. The 
patterns produced by Spm in this plant 
differ from those appearing among the 
kernels shown in Fig. 2A and B, and the 
distinctions are related to differences in 
control of the timing of some types of 
events affecting the Spm element, 

A third illustration of the connection 
between pigmentation pattern and dose 
of Spm is shown in Fig. 3B. The kernels 
were produced on the self-pollinated ear 
of a plant with the constitution az”-l/ 
nnm-‘; inactive-Spm W’z/active-Spm wx. 
\&en an inactive Spm is present in the 
same nucleus with an active Spm, the 
inactive element contributes to the 
phenotypic expression as though it were 
in an active phase. When it is removed 
from this association by meiotic segre- 
gation, the activity also is removed, and 
the phenotypic response of the class II 
state of aorn-l, or of any gene locus under 
the control of the Spm system, is the 
same as though no detectable Spm were 
present. These different expressions ap- 
pear among the kernels on the ear seg- 
ment shown in the photograph. The 
deeply and uniformly pigmented kernels 
are TVz:. Several other kernels have deep 
pigment over most of the aleurone layer 
but also some colorless areas with ill- 
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defined borders. These also are Wx. Their 
Spm was in the inactive phase initially 
but underwent change to the active phase 
in some cells during endosperm develop- 
ment. All other kernels on this segment 
of the ear commenced endosperm de- 
velopment with at least one active Spm. 
The ratio of the phenotypes and their 
distribution among the Wx and wx 

classes make it evident that most of the 
1Yx kernels must have received the Spm 
that was linked to this Wz allele, and 
also that component-l of this Spm wa4 
in the inactive phase. Yet, among the 
kernels with pigmented spots or specks, 
there is little difference in pattern be- 
tween those that are Wx and those that 
are WX. Both exhibit the “high dose” 
Spnz pattern. There are a few kernels on 
this ear, however, that show what was 
previously described as a “1 Spm” pat- 
tern, and one waxy kernel with this pat- 
tern is conspicuous in the photograph. 
As indicated earlier, a few kernels having 
this phenotype could be anticipated. 

Distinctive Phenotypes Associated uyith 
Activation of an Inactive Spm 

The contribution of an inactive Spm 
to pattern of pigmentation, as illustrated 
in Fig. 3B, provides a means of detecting 
the presence of inactive Spm elements in 
plants that otherwise show no evidence 
of Spm. Pollen from a plant carrying a 
single Spm element in the active phase 
may be placed on the silks of an ear of a 
plant to be tested. From the types of 
pigmentation patterns appearing among 

Fig. 3. A. Segment of an ear showing the types of kernels produced by self-pollination of a 
plant (8735E-1) that was homozygous for the class II state of a2 m-1 in chromosome 5 and had the 
alleles f Wrlactive-Spm wz in chromosome 9. The shiny kernels are Wz whereas the dull, waxy- 
looking kernels are WZ. The genetic constitution of the plant allowed pigment to be produced in 
the pericarp layer. which is maternal in origin. The streaks running from the base toward the 
crown are in this layer. Those kernels that are uniformly dark or have a spotted pattern contain 
pigment also in the aleurone layer of the endosperm. B. Segment of an ear produced by self- 
pollination of a plant (8731h-1) that was homozygous for the class II state of a?“‘-’ and had an 
inactive Spm linked with Wr in one chromosome 9 and an active Spm l inked with ~L’I in the 
homologue. The dark-colored kernels received only the inactive Spm. The nearly colorless ker- 
nels received at least one active Spm. These kernels exhibit a “high-dose” Spm pattern. Note the 
contribution of the inactive Spm to dose expression (see text). One kernel with a U’Z phenotype 
has a “I Spm” pattern of pigment distribution. 
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the kernels, one can learn whether or not 
t.he plant carries an Spm whose com- 
ponent-l is inactive. Such tests made it 
possible to examine the duration of in- 
active phases of component-l that ex- 
tended, in some instances, over genera- 
tions of plants. Returns to the active 
phase, when they occur, may be noted 
by the appearance of clones of cells 
either in the plant or in the kernel. In 
the kernel, such changes of phase can 
initiate some very distinctive pigmenta- 
tion patterns, several of which are illus- 
trated in Fig. 4A. 

The kernels shown here appeared on 
the self-pollinated ear of a plant that 
was homozygous for the class II state of 
n.>m-l and had one Spnz element under- 
going changes in phase of activity during 
plant development. In most parts of the 
main stalk it was in the inactive phase, 
and in most of the kernels on the ear 
produced by this stalk it was also in- 
active. In some kernels, however, it 
entered the active phase ; several of these 
appear in the photograph. Four of them 
are nearly colorless, having only a few 
specks of pigment. Two other kernels in 
the photograph have pigment confined to 
the crown in the region surrounding the 
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silk attachment, and the borders of the 
pigmented areas appear frayed. Other 
kernels have large pigmented areas with 
frayed borders that are adjacent to 
colorless areas with specks of pig- 
ment; two kernels showing this pheno- 
type may be seen at the lower right. A 
few kernels have very many tiny specks 
of pigment, uniformly distributed over 
the aleurone layer; two of these .appear 
in the photograph. It was learned, in 
studies of plants derived from kernels 
with phenotypes similar to those shown 
here, that the endosperm in each of the 
kernels probably received initially an 
inactive Spm, even though several of the 
pigmentation patterns resemble those 
produced by different doses of an active 
Spm as previously illustrated. These 
quite distinctive patterns demonstrate 
still other instances of versatility of reg- 
ulation of gene expression related to the 
action of only one component of one ele- 
ment of one control system. 

dn Eaample of T’ersatility of Control of 
Gene Expression Associated with 

Component-6 of Spm 

The illustrations given so far demon- 
strate only one aspect of the versatile 

Fig. 4. A. Part of an ear produced by self-pollination of a plant (8738-15) that was homozygous 
for the class II state of a?‘“-‘. It had an Spm whose component-l was in an inactive phase in 
most parts of the plant. The nearly colorless kernels as well as those with different patterns of 
pigment distribution received an inactive Spm, which underwent change to active phase during de- 
velopment of the endosperm. Note the range of pigmentation patterns that this mechanism ma: 
produce. B. Types of pigment distribution in the aleurone layer of kernels on an ear of a plant 
(7896B-1) that was homozygous for a2 and had two unlinked, active Spm elements. The silks of 
this ear received pollen from a tester plant that was homozygous for the original state of a?“‘-’ 
and had no detectable Spm element. The uniformly pale-pigmented kernels show the pheno- 
type produced by this state when Spm is not present in the endosperm. The variegated kernels 
have large and small areas of deep pigment. This pattern is produced by the original state of 
a:“‘-’ in response to an Spm having an active component-l and an early-acting component-2. The 
pigmented areas reflect the formation of clones of cells. each derived from a cell with a newly 
produced, heritable modification of the az”-’ locus. C. Types of kernels on an ear of a plant 
(8448C) having the constitution Az/~“-’ (original state) ; ux/wx. The ear was produced by a 
cross with a tester plant that was homozygous for the original state of uzm-’ and for UJ~+ and 
had no detectable Spm. The uniformly dark-pigmented kernels received .the A2 allele from the 
ear parent. The uniformly pale kernels received the azm-’ allele and no active Spm. The kernels 
with a pattern of small pigmented spots in a colorless background received one or more Spm ele- 
ments from the ear parent. These elements had an active component-l, and a componene2 to 
which the a?“-’ locus and also the wz”-’ locus responded late in endosperm development, Com- 
pare this action of component-2 to that provided by the Spm elements in the kernels shown in 
B of this figure. 
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active Spm, was placed on the silks of 
this ear. The variegated kernels are the 
ones that received an active Spm from 
the ear parent, whereas the uniformly, 
lightly pigmented kernels did not. This 
pale phenotype characterizes the expres- 
sion of the original state when there is 
no activity of component-l in the endo- 
sperm cells. (It contrasts with the deep 
pigmentation that is produced by the 
class II state under similar circum- 
stances even though the class II state 
\yas derived directly from the original 
state.) When component-l is active, pig- 
ment production is inhibited. When 
component-2 also is active, this state of 
~~~~~ responds to it by undergoing somat- 
ically occurring heritable modifications, 
many of which prepare the locus to func- 
tion in pigment formation. In the endo- 
sperm of the kernel, such responses in 
individual cells produce clones that may 
terminate in the aleurone layer, forming 
areas that are deeply pigmented. The 
intensity of pigmentation in such areas 
simulates that produced by the standard 
AZ locus, or by the class II state when 
component-l is inactive. The variegated 
kernels in Fig. 4B have such areas, and 
many of them are large-an indication 
that the events responsible for t,hem oc- 
curred at the locus of agmml early in 
endosperm development. 

The very same state of Q’~-~ that gave 
rise to the variegated kernels shown in 
Fig. 4B was also responsible for the 
variegated kernels on the ear shown in C 
of this figure. It is obvious that the pat- 
terns of pigment distribution in these 
kernels are very different from those seen 
in photograph B. The distinctions relate 
to differences in action of the Spnz ele- 
ment,s present in the plants that. pro- 
duced the two ears, and most directly, to 
differences in their component-2. The 
kernels in C appeared ,on an ear of a plant 
with the constitution A9,‘~‘,m-1 (original 
state) ; WX/WX. This ear received pollen 
from a plant that was homozygous for 
the original state of ayrn-l and for wxmms, 
and had no Spun. In half of the kernels 

regulation of gene action by the Spm sys- 
tem. Previous reports have discussed the 
contribution of the states of a gene locus 
to variety of expression, as well as some 
of the modulations brought about by 
differences in action of component-2, the 
“mutator” component. Although these 
aspects will not be reviewed here, it 
should be emphasized that phenotypes 
resembling some of those shown here 
may be produced by combinations of 
other states of a$‘-1 with selected isolates 
of Spm. These other states (t’he class I 
states) respond to both component-l and 
component-:!. The responses to compo- 
nent-2 result in heritable modifications 
affecting the subsequent expression of the 
gene at the locus. The timing of these re- 
sponses is regulated not only by the state 
of the gene locus but also by the manner 
of action of component-2. (For these 
heritable modifications to occur, compo- 
nent-l also must be in the active phase.) 
Component-2 undergoes changes that 
modify its action, and each change is the 
consequence of a single event. Each 
modification may be detected by the 
altered timing of responses of the various 
class I states of gene loci controlled by 
the Spm system. As with component-l, 
the duration of any one type of action 
of component-2 may extend over genera- 
tions of plants, or, on the other hand, 
subsequent modifications may occur at 
more frequent intervals. The frequency 
of change-again as with component-l- 
seems to be under some form of control. 
Initially, component-2 may be totally 
inactive, or it. may be effective at par- 
ticular stages in development, ranging 
from early to late. 

The photographs in Fig. 4B and C 
illustrate differences in gene expression 
related to differences in action of compo- 
nent-2 of Spt~. The kernels shown in B 
developed on an ear of a plant that was 
homozygous for the standard recessive, 
CI~. A testcross was made to determine 
the Sp~z constitution of the plant. Pol- 
len from a plant that was homozygous 
for the original state of aZm-l, and had no 



GENETICS RESEARCH UNIT 

that developed on the ear the aleurone 
layer is uniformly and very deeply pig- 
mented. This was to be expected, as haIf 
of the kernels should have received the 
ilZ allele from t.he ear parent. The other 
kernels are homozygous for the original 
state of aZm-l. A few of them show no 
evidence of the presence of an Spm ele- 
ment. They are uniformly pale pig- 
mented, as are their counterparts in 
Fig. 4B. The others exhibit a relatively 
uniform pattern of pigmented spots in 
a colorless background. These small 
spots and specks reflect heritable changes 
at the locus of a$-‘, induced by compo- 
nent-2 of Spm and occurring late in the 
development of the endosperm. A similar 
late timing of responses was registered 
by ZL’Z”~-~: clones of cells containing amy- 
lose starch are small. 

The spotted pigmentation pattern 
shown in Fig. 4C resembles that of the 
single heavily spotted kernel in Fig. 3B. 
The controls of pattern are very different 
in these two examples, however, and the 
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events responsible for pigment produc- 
tion are not the same. One pattern (Fig. 
3B) is related to phases of activity of 
component-l of Spm, with no heritable 
modifications occurring at the locus of 
aqmel whereas the other depends on 
heritable modifications at this locus, re- 
quiring the active phase of both compo- 
nents of Spm. Component-2 regulates 
the time of occurrence of these heritable 
modifications. 

A spotted or speckled pattern may be 
produced by still other means. One of 
these employs selected states of V-l 
that give a spotted pattern in conjunc- 
tion with an Spm having the properties 
shown in Fig. 4B, and a very light 
speckled pattern with an Spm having the 
properties shorn in C of this figure. In 
short, a spotted or speckled pattern may 
be produced within this control system 
by various states of a gene locus, whose 
expressions can then be modified by the 
different times and types of action of the 
components of the Spm element itself. 
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